and our present studies in the CNS, it requires al., 1996). We used a reporter allele (R26R; Soriano, approximately 24 hr to detect ␤-gal activity using the 1999) containing a floxed stop sequence upstream of previously described CreER T (Metzger et al., 1995 (Kaufman, 1992) . The Wnt1-CreER T transgene is expressed at E8.5 throughout the presumptive mes and not in r1 based on whole-mount RNA in situ hybridization and comparison of Cre immunocytochemistry with Otx2 in situ hybridization on adjacent sagittal sections (Figure 2A ; data not shown). The transgene, like Wnt1, is also expressed along the lateral edge of the neural plate in r2-r7, spinal cord, and diencephalon. Consistent with this, ␤-gal activity detected in whole-mount CreER Figure  S1) . Therefore, the initial population of Wnt1-CreER T -marked cells was located within the mes.
We next followed the long-term fate of this initial population of cells marked by E8.5 tamoxifen administration to Wnt1-CreER T ;R26R embryos relative to known morphological landmarks. Sagittal section analysis at E14.5 and E18.5 (n ϭ 4, each) revealed that Wnt1-CreER T randomly marked approximately 30%-50% of the cells throughout the mes in most embryos ( Figures 2D-2G) . Cells marked by tamoxifen injection at E8.5 were prevented from expanding rostrally into the pretectum or dorsal thalamus of the diencephalon at E14.5 by an anterior mes lineage boundary ( Figure 2D ). This observation was confirmed by comparing ␤-gal immunoreactive (Figures 2H-2K) . En1 later, which by whole mount (n ϭ 7) and section (n ϭ is expressed in both the mes and r1 beginning at E8. indicate that mes-derived cells located immediately anFurthermore, marking at E9.5 and later labels the same terior to the isthmus obey a posterior lineage restriction r2-r7 cells, but no anterior ventral r1 cells (see below).
boundary and dramatically expand rostrally, consistent with intra-but not intercompartmental mixing. Collectively, our data indicate that Wnt1-derived cells We addressed the rostral expansion using an indetransgenic mice using an En2 enhancer fragment that expresses during E9.5-E11.5 in a small domain surpendent fate mapping approach because Wnt1-CreER dorsal-anterior r1 (Figures 5A and 5B) . At E14.5 and 5E-5K; data not shown). As expected, Wnt1-CreER T cells marked by tamoxifen injections on E10.5 or E11.5 E17.5, the marked cells had contributed extensively to the inferior colliculus, as well as the isthmus and medial revealed an initial marking pattern similar to that observed by injections at E9.5 (Figure 5E , inset; data not Cb ( Figures 5C and 5D) . Therefore, our analysis of Wnt1-CreER The contribution of the anterior expansion of Wnt1-rhombic lip (see Figure 4E ; Li et al., 2002) . Consistent with this, we observed cells marked on E9.5 and E10.5 CreER T cells marked at E10.5 was also analyzed in the adult (n ϭ 3). This confirmed that the small initial populain the most caudal region of the rhombic lip region at E11.0 and E12.5 (Figures 4D and 4E ; arrowheads), altion of cells derived from the posterior mes contributed substantially to the inferior colliculus but not the superior though these cells primarily gave rise to the choroid plexus and not the cerebellum (Figures 4I and 5E ). colliculus ( Figures 5G-5I) . We also definitively established that these mes-derived cells did not expand posAn additional population of cells in the Hb that is physiologically related to the Cb is the precerebellar teriorly to contribute substantially to the Cb, as seen by examining the anterior Cb in both horizontal and sagittal system. A previous study used a noninducible method to cumulatively mark Wnt1-derived Hb cells and demonsections (Figures 5G-5J ). We were surprised, however, to find that there were a small number of marked cells strated that Wnt1-derived cells posterior to r1 contribute to the precerebellar nuclei (Rodriguez and Dymecki, in the granular layer of the most posterior cerebellar folia (IX and X) (Figures 5I and 5K) 
2000). and Hb Serotonergic Neurons
Our present studies show that a series of novel lineage As described above, Wnt1-derived cells fate mapped restriction boundaries partition an overtly homogenous at E8.5 and E9.5 give rise to ventral Mb dopaminergic neuroepithelium into at least two distinct neuromeric neurons (Figures 3A-3H) . Similarly, Wnt1-CreER T -derived compartments, the mes and r1, and that these eventually cells marked at E10.5 and E11.5 continue to contribute delineate the Mb and anterior Hb (Figure 7) . Thus, these to dopaminergic neurons ( Figure 6G, and tively demonstrate that such a boundary exists in our data indicate that it is the Wnt1-expressing cells in mouse. Clonal analysis of the Cb in mouse using spontathe ventral midline that give rise to the Mb dopaminerneous mitotic recombination that converts laacZ to gic neurons. functional lacZ showed that at some early time point Since Wnt1-and Gli1-derived cells marked at E7.5-there is no lineage restriction between the mes and r1 E8.5 but only Wnt1-derived cells marked subsequently (Mathis et al., 1997) . Our studies showed that the lineage gave rise to TH-positive neurons, we compared the gene restriction boundary of the mes/r1 is established beexpression patterns of Wnt1 and Gli1 (Figures 6I-6R) . tween E8.75 and E9.75 (marking at E8.5-E9.5), which is At the 6-8 somite stage, Gli1 was in close proximity to a time that coincides with the refinement of mes and r1 Shh adjacent to the ventral midline (Figures 6I-6L ). Wnt1 gene expression domains and the formation of the IsO. was expressed in two bilateral wedges that did not conAn unexpected finding of our studies was that the verge at the ventral midline ( Figure 6J ), but displayed a lineage boundary at the posterior border of the mes is small region of overlap with Gli1 just off the midline formed in two phases. The mlb dp is established by E8.75 ( Figure 6L ). At E10.5, the Wnt1 ventral domain was con-(marking at E8.5) and segregates the Mb tectum from fined to two bands closely opposed to the ventral midthe Cb. In contrast, marked cells of the ventral mes still line of the mes, whereas the Gli1 domain had shifted intermingle with ventral r1 at this stage. However, by to a more dorsolateral position (Figures 6N-6Q) . Taken E9.75 (marking at E9.5), the mlb vp is firmly established together, the data demonstrate that some Mb dopaminand ventral mes-derived cells no longer mix with ventral ergic precursors respond to Shh only during E7.75-E9.0, r1. Therefore, unlike the anterior mes, the posterior mes whereas some Mb dopaminergic neuron precursors exdevelops in two sequential phases and thus does not press Wnt1 from E7.75 to E11.5.
form like a classical lineage boundary. We attempted to address the onset of the mlb dp by fate mapping Discussion Wnt1-derived cells at E7.5 (marking at E7.75-E8.5; Supplemental Figure S2 at http://www.neuron.org/cgi/ The Mes and r1 Are Distinct Neuromeres content/full/43/3/345/DC1). However, unlike later marking Neuromeres are developmental units in which cells disperiods, we observed considerable variability in the patplay the unifying properties of lineage restriction, free tern of labeled cells marked at E7.5 with some of the initial cell population already in r1 at E8.5, which is likely intracompartmental cell mixing, similar cell and histolog- because the Wnt1 expression domain initially is not the dorsal Mb, but also to the Cb (Supplemental Figures  S2G-S2O ). This result indicates that the mlb dp is estabsharply defined. Nevertheless, the majority of Wnt1-CreER T -derived cells marked by tamoxifen administralished between E7.75 and E8.75. Interestingly, the most rostral cluster of serotonergic tion at E7.5 were located in the mes or migrating neural crest cells (Supplemental Figures S2A-S2F) Figures 6I-6M) . Subsequently, the but the mlb dp appears to be stringent in restricting cell mixing. A small number of Wnt1-derived cells appeared Gli1 gene expression domain transposes laterally and Gli1-derived cells no longer contribute to dopaminergic to cross the mlb dp and populate the isthmus at all stages, which is reminiscent of the lineage restriction boundneurons. In contrast, at least a subset of Mb dopaminergic neurons continue to be derived from cells expressing aries between rhombomeres that allow approximately 8% of rhombomere cells to freely intermingle with adjaWnt1 long after neural tube closure (Figures 6N-6R 
